Enhanced sensitivity of DJ-1-deficient dopaminergic neurons to energy metabolism impairment: role of Na+/K+ ATPase.
DJ-1 gene mutations lead to an inherited form of early-onset parkinsonism. The function of DJ-1 is unclear, though a neuroprotective role has been postulated. Electrophysiological recordings were made of striatal and dopaminergic nigral neurons both of wild-type (WT) and DJ-1-knockout (DJ-1(-/-)) mice. We assessed the responses of dopaminergic cells to combined oxygen and glucose deprivation (OGD), and to the mitochondrial toxin rotenone. OGD induced a membrane hyperpolarization in nigral neurons from WT mice. Similarly, rotenone hyperpolarized neurons and then a depolarization occurred. In DJ-1(-/-) mice, the OGD-induced hyperpolarization was significantly enhanced. Moreover, rotenone caused a shorter hyperpolarization followed by an irreversible depolarization. To evaluate the involvement of Na+/K+ ATPase, we tested ouabain, a Na+/K+ ATPase inhibitor, on two distinct neuronal subtypes. Compared to WT mice, in dopaminergic neurons from DJ-1(-/-) mice, ouabain induced rapid and irreversible membrane potential changes. Notably, this effect was observed at concentrations that were unable to produce membrane potential shifts on striatal spiny neurons, both from WT and DJ-1(-/-) mice. These findings suggest that DJ-1 loss-of-function enhances vulnerability to energy metabolism alterations, and that nigral neurons are particularly sensitive to Na+/K+ ATPase impairment.